The new generalization of the gauge interaction for the bosonic strings is found. We consider some quasi-equivariant maps from the space of metrics on the worldsheet to the space of n-tuples of one-and two-dimensional loops. The two-dimensional case is based on the cylinders interacted with a path space connection. The special 2-gauge string model is formulated using two 1-connections, nonabelian background symmetric tensor field and nonabelian 2-form. The branched nonabelian space-time is the result of our construction.
Introduction
Gauge interaction in the open string theory was introduced by adding the Wilson loops of a connection 1-form along each component of the boundary of the string worldsheet. A two-dimensional generalization (2-gauge string theory) of the previous one-dimensional construction is not known. Many motivations come from the formulation of the gauge theory on the path space and especially from the geometry of the nonabelian Stokes theorem [1, 2, 3, 4, 5, 6] . The two-dimensional surface is considered as an ordered one, in other words, covered by a path in the space of paths on the surface. A no-go theorem of Teitelboim [7] states that 2-dimensional nonabelian gauge interaction is not compatible with the reparametrization invariance.
The works [8, 9, 10, 11, 12, 13, 14, 15, 16, 17] contain some contributions to the 2-gauge string theory building. Their approaches are based on the path space or the gerb geometry.
In this paper the 2-Wilson loops have been incorporated directly into the Polyakov path integral.
String worldsheets with moving Wilson loops
Let Σ be an oriented string worldsheet modeled by an open or closed orientable compact surface and we denote by CT op + 2 non-equivalent topologies of such surfaces. Let M et(Σ) be the space of Eucledean metrics on the surface Σ. The string worldsheet is embedded into a target space-time manifold M :
Let the manifold M be the base of a gauge bundle with a compact gauge group and a connection A. There is an n-tuple of loops C = (C 1 , . . . , C n ) ∈ (LΣ) n embedded on the surface where LΣ denotes the loop space: LΣ = C ∞ (S 1 , Σ). Our aim is to modify the string free energy by Wilson loops of the connection A around the n-tuple C:
where S(γ, X) is the string action in the background (G, B) of metric tensor and antisymmetric form, respectively:
Let the positions of the loops in (2.2) be a general ones not fixed on the boundaries of the worldsheet, as one usually uses in string theory. A dependence of the system loops C on the surface metric is considered:
The distribution C(γ) of n-tuples over the space M et(Σ) in (2.4) cannot be arbitrary. We impose the quasi-equivariant condition on the structure function (2.4) to save the Weyldiffeomorphism symmetry:
where S n ∋ Π → [. . .] Π denotes the action of permutation group S n on the loops, CKD(Σ, γ) is the group of conformal Killing diffeomorphisms of the metric γ and W eyl(Σ) is the group of Weyl transformations. The integration over all metrics in (2.2) substantially depends on the system function C (2.4). The property (2.5) allows us to restrict the integration on the standard moduli space:
The extended moduli space is introduced
where ∼ C is the relation of equivalence on the space M et(Σ) × (LΣ) n :
The extended moduli space (2.7) can be endowed with the canonical projection to the standard moduli space:
The bundle (2.9) we call the structure bundle. Let Γ(M C n (Σ) → M(Σ)) be the space of sections of the structure bundle (2.9). Two loop systems C and C ′ with the property (2.5) define a section of the bundle if and if
The resulting path integral will depend on a sequence of extended bundle sections sets. The sequence is parametrized by the topology discrete parameter g ∈ CT op + 2 :
Now we are able to write explicitly the free energy
T rP exp
where C(γ) is a representative for the element s ∈ S g and [Dγ] is the integral over the moduli space
The sum over closed surfaces with trivial non-intersected loops provides an example of Eq. (2.12) for n m = m.
String worldsheet with 2-gauge interaction
In this section we apply the method of moving loops to the case of two-dimensional cylinders on the worldsheet.
A proposal for 2-gauge string model in the context of the path group approach was given in [8] . A general form of nonabelian Stokes theorem was formulated in [5, 6] .
String interaction with path space connection
We denote by PX the space of smooth paths on a manifold X. The space of smooth loops on X will be denoted by LX and LPX = C ∞ (S 1 × [0, 1], X) is the space of cylinders on X. Let a principal G-bundle P G = P (PM, G) be built on the space PM with the compact structure gauge group G and the bundle geometry is governed by a G− connection A. An embedding X : Σ → M from the string worldsheet to the target space M induces the following map in the path spaces:
We pullback the G-bundle P G and consequently the connection A using the map X on the space PΣ. The holonomy of the connection A along a cylinder Cyl ∈ LPΣ
will be the basic geometry object in our construction. Let n-tuples of cylinders be distributed over M et(Σ):
The string path integral will be modified in a similar way as in the one-dimensional case by the product of traces of holonomies connected with the n-tuple:
The distribution (3.3) cannot be arbitrary to reduce the γ-integration in the path integral to the moduli space (2.6), therefore, we restrict (3.3) by the quasi-equivariant condition
where Dif f [Cyl] is given for a general connection: 6) and in the particular case of reparametrization invariant connection:
The extended moduli space which corresponds to the modification of the string path integral by the term (3.4) is 8) where the equivalence relation is given by
The structure bundle of the extended moduli space (3.8) is
Finally, the free energy for our strings with the cylinder Wilson loops reads
11) where
and C 2 (γ) is a representative for the element s ∈ S g .
Special 2-gauge strings
Geometry of nonabelian Stokes theorem can be treated as the parallel transport in the bundle of horizontal paths [6] . The horizontal paths with respect to a connection A on a given principal bundle P create the principal G-bundle P A that is an example of principal G-bundle on the path space. A connectionĀ and a nonabelian 2-form B define the special connection on the G-bundle P A [6] . Let R be an irreducible representation of the compact gauge group G. The product of R and its contragradient representationR can be expanded to the direct sum of irreducible representations R i :
The group G acts by the similarity transformation on the space of the complex N × N matrices M N (C) where N = dim C R. The invariant subspace of the Hermitian matrices
can be written as the real sum of the irreducible subspaces
where V R i is the representation space for the representation R i from the expansion (3.13). Let P CP be a fixed principal G-bundle over M and we generate from the bundle P CP the associate vector bundles
Our aim is to generalize the action (2.3) by changing the symmetrical tensor G µν and the antisymmetrical tensor B µν by the bundle (3.16) valued objects, in other words, they will be sections of the bundles T 2 Sym (M, E V Ri ) and Ω 2 (M, E V R i ′ ), respectively. We begin with putting together an embedded cylinder Cyl ∈ LP Σ, bundle (3.16) valued tensors (G, B), and a pair of connections (A,Ā) in the representation R. As an extension of the holonomy construction for the special connection [6] , the gauge invariant, which comprises all these objects, can be constructed:
where
Eq. (3.17) is invariant with respect to the local gauge transformation generated by a functiong(x) ∈ G on M :
The disc is the result of transforming theĀ-boundary of a cylinder
into a point. In the disc case Eq. (3.17) is simplified to
The free energy can be directly formulated:
where W (2) and S g are given by (3.17) and (3.12), respectively. In a general model, the pair (G, B) for each cylinder in (3.28) can be taken as the sum of irreducible parts with coupling constants λ i :
where i and r are indices for the cylinders and bundles, respectively. The extended moduli space (3.8) with (3.7) is valid for the model (3.28) but we don't permute the cylinders in (3.5) with the different gauge doublets (3.29) . We call the model (3.28) special 2-gauge strings. Let us discuss important configurations within the construction of 2-gauge strings:
• Closed or open surfaces with one or two discs As an example of Eq. (3.28), we add one or two disc added on a surface Σ:
The discs in (3.30) and (3.31) cover the whole surface Σ. The structure function S g is given simply by [γ, (Disc 
here S denotes the pair (G, B) in the singlet representation, i.e., proportional to the unit matrix and N A is the nonabelian part.
• • Nonabelian branched space-time The singlet part in (3.32) and (3.33) stabilizes space-time and the nonabelian part causes a branching of space-time. The abelian and nonabelian terms are separated by the new coupling constants.
Conclusions
In this paper, the new gauge interaction has been obtained for bosonic string. The path integral is equipped by moving one-and two-dimensional gauge loops. The resulting free energy has acquired as a parameter the large moduli space dependence. Straightforwardly, it is possible to generalize the special 2-gauge strings construction (3.28) by adding nonabelian dilaton or tachyon terms.
As a consequence of the space-time nonabelian structure, some non-traditional Higgs mechanism can be expected. The model (3.33) corresponds to an interacted parallel spacetime.
